This paper presents an experimental investigation on interaction between arc voltages and arc length And a black box are model based on modified Mayr arc equation is developed to describe the influence of arc lengthen arc voltages. In this model, the coefficient of arc power loss is defined to be depending on the arc length The numerical analysis is performed on EMTP. The behavior of arc is represented using Thevenin type-94 component of MODELS.
Introduction
Switching devices are complex elements in electrical power systems. The switching surges in the electrical power systems, that caused by dosing or opening operations of switching devices, are generally defined by mutual effects between the arc behavior of switching devices and the corresponding circuit conditions, The aim of a black box arc model is to describe the interaction between the arc and the corresponding circuit. Although a large number of black box arc models based on Mayr's or Cassie's equations have been developed (1, 2, 3) , but contrasting with the models of other elements such as cables or electrical machines, the arc models did not content the increasing demands for the numerical analysis of transient phenomena in electrical power systems, due to the complexity of the physical phenomena of arc This paper presents experimental investigation on the arc voltage characteristics of SF6 gas switches (GS), air switches (AS) and vacuum switches (VS). To describe the influence of arc length on arc voltage, a black box are model based on modified Mayr arc model is developed. In this model, the coefficient of the arc power loss is modified to be depending on the arc length. The numerical analysis is performed on electromagnetic transients program (EMTP). The behavior of arc is represented using type-94 component of MODELS.
Characteristics of the arc voltages
The interaction between the arc voltages and are length in interrupting load currents, using GS, AS and VS is investigated experimentally. The experimental circuit is shown in Fig. 1 . Where GS is a specially designed switch for observing the arc farm simultaneously with the arc voltages and the arc currents using a high-speed video camera. parts of Voa and Vos as shown in dot lines, where Voa is the total fall voltage of anode and cathode, Vos is the increase in the arc voltage. For AS as shown in Fig. 2 (b The occurrence process of the saw-tooth waves can be explained by the corresponding arc forte that shown in Fig. 4 , which taken using a high-speed camera simultaneously with the arc voltages and the currents. The axis of contacts is showed by arrows in Fig. 4 , where the upper is the moving contact and the lower is the state contact. To distinguish the arc path from background, the photographs are processed. Photographs (a)-(d) is the arc profiles around 16, 17, 23 and 24 millisec in Fig. 3 , respectively. The arc paths are nearly in a straight line between two contacts in. photograph (a) and (b), and the saw-tooth waves didn't oocur during the corresponding time in Fig. 3 . The arks are elongated in multiple loops in photographs (c) and (d), and the effective arc length reached up to nearly 5 times as long as in photographs (a) and (b), and the saw-tooth waves appeared during the corresponding time in Fig. 3 . For the duration before 14 millisec in Fig. 3 that without saw-tooth waves, the are forms are similar to those as shown in Fig. 4 (a) and Fig. 4 (b) . The occurrence of sharply increase of are voltages is considered due to the magnetic force or the convection of the surrounding gas. And the resin far strop drop of the are voltages are considered due to the short circuit of the arc that elongated in multiple-bops.
According to the experimental results, there are statistic characteristics in the ocurnence time and the amplitudes of sawtooth waves. The experiment was carried out for 10 times for each current of 200A, 600A and 800A, respectively. The measured arcing times are within one and half cycle and the saw-tooth wave only occurs in the last half cyde. The incidence of saw-tooth wave increases with increase in are current, as given in Table. 1. respectively. ƒÉ and ƒÁ are constants.
As an example, Fig. 5 (b) shows the calculated arc voltages and currents by using Eq. 5, where Po is described by Eq. 6 (Pot=0). Compared with the calculation result of using a constant value for Po shown in Fig. 5(a) , Fig. 5(b) is corresponding to the measured characteristics of arc voltage shown in Fig. 2 The initial condition of are conductance is 0.2S, and the limit value of arc conductance for extinction is 10-10S.
Although it has been pointed out that Eq. 5 was only applicable to air and SF6 gas arcs, it was unsuited to vacuum arcs because the Fig. 5 Calculated arc voltage and current thermal prooess is less significant in vacuum switch devices. We have proved that as a mathematical model, Eq. 5 was applicable to calculate the arc voltages and arc currents of vacuum switch (6) . The numerical calculation is performed on EMTP, and the arc equation is calculated using nonlinear component TYPE94 of MODELS. Fig. 7 . Both ƒAE and P decrease in the order of AS, GS and VS. The calculated values of ƒAE for air was larger than that for SF6 (7) , but the value of ƒAE and P for AS and GS is very sinnilar in this paper.
Although the conditions such as extinguishing chamber and extinguishing method for AS, GS and VS are different in this paper, but the main reason for that is that the AS used in this paper has an arc extinction pipe, and arc extinction effect is mainly based on the cracked gas from the arc extinction pipe. 
